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Recently, extraction depths have been deeper and the sizes of extractions have been bigger in Chinese
open pit coal mines because the demand of coal has been increasing rapidly with the development of
domestic industry. More than half of all major open pit coal mines are located in the loess plateau where
loess is dominant near the surface layer. The porosity of loess is very high and its mechanical properties
decline significantly after absorbing water. Therefore, instability and collapses of dominant loess dumping
areas due to either rain or a rising ground water level are serious problems in these mines. For this reason, it
is necessary to develop design guidelines and stabilization measures for predominant loess dumping,
considering both the properties of loess for operational safety as well as a certain coal output. From this
background, this study proposes the guidelines for an appropriate design of a stable dumping site in areas
where loess is dominant near the surface, along with countermeasures to improve the stability of the
dumping site at these major open pit coal mines in China.

Chapter 1 introduces the background of this research including the current condition of the Chinese coal
mining industry, the geotechnical issues of predominant loess dumping sites at open pit mines, the
characteristics of loess, study objectives, and an involved outline of the dissertation.

Chapter 2 discusses a large slope failure which occurred at the South dumping site in Antaibao coal
mine located in the loess plateau in order to clarify the mechanisms which caused the failure by means of
site investigation and numerical analysis. From these results, the changes in the mechanical properties of
loess by the elevation of the groundwater level associated with rainfall and a weak loess floor layer may lead
to this large slope failure at dumping sites. These two main factors must be considered for the construction
of dumping sites in order to develop specific guidelines for the appropriate designs of stable dumping sites in
areas where loess is dominant near the surface, along with countermeasures to improve the stability of these
dumping sites.

Chapter 3 discusses the effects of water content on the mechanical properties of loess and the stability
of dumping areas by means of laboratory tests and numerical analysis. From the results of laboratory tests, it
can be seen that the mechanical properties of loess, such as the internal friction angle and cohesion,
dramatically decrease with increases in water content; the internal friction angle changed from 42° to 32°,
and the cohesion changed from 110 kPa to 41 kPa when the water content changed from 15% to 25%. From

the results of a series of numerical analysis, it can be seen clearly that stability significantly decreases with



increases in the water content of loess and then the available height of dumping pile decreases dramatically.
For these reasons, the height of dumping sites must be less than 125 m from 150 m when the moisture
content changes from 15% to 25% in accordance with guidelines for the construction of dumping sites by the
mining department in China, which has a safety factor of 1.5, in cases where the footwall of the dumping site
is horizontal and has a 20 degree slope angle. This result indicates that the dumping capacity in the dumping
area is decreased, significantly. Additionally, the height of a dumping site and its stability can be increased
by decreasing the slope angle. From these results, guidelines for the improvement of stability are suggested,
indicating the importance of drainage systems to decrease the groundwater level and water content of loess
dumping sites in order to maintain the stability of the predominant loess dumping site and its dumping
capacity.

Chapter 4 discusses the effects of weak floor layers, which consist of loess, on the stability of dumping
sites by means of numerical analysis. As a result, it can be recognized that the dumping pile deforms and
then the stability of dumping sites is reduced dramatically when there is a weak floor layer which consists of
loess. Moreover, the stability of a dumping pile is reduced with an increase in the thickness of the loess floor
layer. Therefore, the application of a compacted layer built using heavy equipment is proposed as a
technique to improve the stability of dumping sites with weak floor layers. According to the results obtained
from numerical analysis, the application of a 1.5 m thick compacted layer makes it possible to meet the
required safety factor of 1.5 for dumping sites; the criteria of a stable dumping site issued by the mining
department in China when the thickness of a weak floor layer is 20 m and the height of the dumping pile is
30 m. Also, since the compacted layer has a low permeability of around 4.0 X 10”7 cm/sec, it is effective in
not only minimizing the strength reduction in the bottom part of the floor layer due to infiltrating rain water,
but also in controlling the drainage of the dumping pile. From the results obtained so far, the installation of
drainage holes and the formation of compacted layer on top of weak floor layers are proposed as
countermeasures to improve the stability of the dumping site. As a result of numerical analysis, it was
concluded that the application of this countermeasure improves the safety factor of a dumping site from 1.0
to 1.6.

Chapter 5 investigates the mechanisms involved in dumping pile formation as well as an appropriate
dumping system by means of laboratory tests. At first, the effects of the particle size of waste rock on the
formation of a single pile are discussed. It can be seen that both the slope angle and the height of a dumping
pile can be increased with a decrease in the particle size of waste rock. Therefore, it can be said that the
volume of dumping material per unit area can be increased by controlling the particle size of the rock. Next,
the interval distance, dumping volume and dumping height are varied to examine the interaction between the
formations of multiple piles. As a result, it can be said that the volume of dumping material per unit area can
be increased by decreasing the interval distance, because the height of a dumping pile is increased
dramatically due to the increasing effects of the next dumping piles when the interval distance is small.
Moreover, land reclamation at the dumping piles must be carried out after dumping work. Therefore, the
elevation difference is measured to examine the amount of grading work required under different dumping
conditions. As a result, the elevation difference decreases as the interval distance and total volume of
dumping material per pile decreases. The results show that both the cost and required work of grading
operations can be reduced by accounting for the appropriate interval distance and the volume of dumping
material for each dumping pile after considering the bucket volume and the dumping system.

Chapter 6 concludes the results of this study.



